Abstract. In this paper we present several descriptors used for the task of Plant recognition based on the images of leaves. The set of descriptors include texture based descriptors, fractal descriptors as well as some of the state of the art descriptors for image retrieval and object recognition in images. The descriptors are generated from the leaf images taken from single leaves on homogenous background. The descriptors are then used for training classifiers from a dataset of leaf images. The comparison of the obtained results will be presented in this paper.
Introduction
The problem of plant identification and classification using images is a well-known problem in the scientific community and there are a lot of examples of usage of image processing techniques for solving this problem. There are many ongoing researches regarding plant identification from leaf images, plant images. Many descriptors that are also used in other image classification tasks are also used for the plant classification and identification task. The descriptors used to describe the image content and then classify the images by their content can be divided in several types based on the methods used for their extraction. The descriptors can be local or global descriptors. Local descriptors are generated by processing local image points or patches and global descriptors that are usually a histogram of local descriptors are used for describing the whole image. Based on the method of extraction, imag e descriptors can be divided in several groups: Texture based descriptors, Edge Histogram descriptors, Shape descriptors, Fractal Descriptor, etc. Texture based descriptors use the image texture characteristics on local areas of the image. The image texture is represented by the pixel intensities, and these descriptors are generated by processing the pixel intensities and creating some transformation from those values in a local area in the image. One such descriptor is the Local Binary Pattern descriptor [1] . The Local Binary Pattern descriptor is generated by comparing pixels intensity of an intensity image with its neighboring pixels. For the purposes of our experiments we use a histogram of such local descriptors for the whole image of the leaf. Shape Context Descriptors take into account the shapes of the objects. These descriptors are usually used for object detection based on a transformation of their shape characteristics. One such descriptor is described in [2] . This descriptor uses image for which edges are first detected. It counts the point's distribution in predefined areas of the image and uses this information to generate a descriptor of the image. Edge histogram descriptors are used to describe the object characteristics in local patches of the image. One such descriptor is the HOG (Histogram of oriented gradients) [3] . This descriptor is first introduced for pedestrian detection in images. Since we are working with images of single leaves, we will generate this descriptor for the fill area of the leaf, or in our case for the full image. Fractal descriptors use the Fractal dimension of the image intensities to describe the image content. One such descriptor that is extracted by using extracted by using Segmentation-based Fractal Texture Analysis is described in [4] . We use these descriptors to extract the information from the leaf images and then use them to train a Multilayer perceptron classifier. The descriptors used for this task are generated from the full content of each image of the leaves. The experimental setup is described in chapter 2. Chapter 3 gives the obtained results from the experiment and chapter 4 gives a short conclusion based on the obtained result.
Experimental Setup
For this experiment, we used a dataset of single leaf images from various plants. Information on the dataset and the dataset files can be downloaded from [5] . The dataset is consisted of single leaf images on a homogenous background from 220 different plants. The total number of images in the dataset is 16683 images. Each plant is represented by 20 to over one hundred of images. We didn't preprocess the images of the dataset to normalize the amount of images per plant type. For each image, we first extracted each of the described descriptors.The Histogram of oriented gradients (HOG) descriptor was extracted for the whole image. Each descriptor of the images is represented by a vector of 81 values that contain the histogram count. The histogram was taken by dividing the image in 3 by 3 overlapping windows and the combined histogram of each of the windows gave the total descriptor for the image containing 81 values. For this experiment we used the implementation of HOG from [7] . The Fractal descriptor was extracted using Segmentation-based Fractal Texture Analysis algorithm (SFTA). We used the same implementation used for the work described in [4] . The SFTA descriptor used in our work is represented by 12 values vector for each image. For extraction of the Local Binary Pattern descriptor (LBP) used in this work we used implementation of CLBP that generates a histogram of Local Binary Patterns for the full image. This implementation can be found in [8] . Each feature vector representing an image that was generated by the CLBP algorithm contains 118 values. The Shape Context Descriptor was implemented based on [2] . We used our own implementation of this descriptor. The implementation first finds the edges of the image using the Canny edge detection algorithm [9] . From the edge image, a binary image is formed. We count the pixels that represent edge in each area around the center of the images. The areas are shown in Figure 1 :
Fig. 1 Areas for point counting in the Shape Context Descriptor extraction
The total number of counts that generates the Shape Context Descriptor is 48 and that gives the dimension of the feature extracted from the image. We used WEKA [6] data mining tool to train a Multilayer perceptron classifier for each descriptor type. The classifier was trained using 66% of the data and 33% were used for evaluation. The classifier implementation was provided from the WEKA data mining tool. The same parameters for the Multilayer perceptron classifier were used for each of the four descriptors. Each run was repeated three times and the average precisions were taken for result.
Results
After the models were created and the tests were run, we obtained the average precision value from the classification for each feature descriptor type. For the evaluation we used 3 fold cross validation. The dataset was divided in 3 separate groups of features. 2 groups were used for training the model and one group for testing the model performance. The obtained results are shown in Table 1 . 
Conclusion
From the obtained results on this dataset, it can be seen that the texture descriptor gives the best result for leaf images classification and thus plant recognition based on the images of their leaves. This result shows that the analysis of the leaves texture gives a good direction towards generating a good feature descriptor for leaves classification for the task of plant identification. The Histogram of oriented grad ients and the Fractal descriptor also show promising results. The Fractal descriptor also had the lowest vector dimension of only 12 values to describe the image. The Shape Context descriptor showed the worst performance. This lack of performance might be caused by the shape context descriptor very bad performance on small rotation. The shape context descriptor is also focused on the form of the leaves. Since some of the leaves are very similar in form, the shape context would be unable to make a descriptor for those classes of leaves that can be separable enough for the classifier to be able to make a good classification model. Based on the results it is possible to combine multiple descriptors and to build the model based on a more complex descriptor of the images that would contain different descriptors. We plan to experiment with this in future work. Also the currently generated descriptors might be used with different classifiers to see which classifier would be able to generate the best model for plant identification based on the leaf images. The main goal of this work was to find a good descriptor for image classification that can be used of plant recognition based on the image of a single leaf from the plant. This would allow us to build an autonomous robotic system that is able to segment the image and extract an image from a single leaf of some plant of interest and then recognize that plant based on the leaf images model that is previously trained.
